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BEAMSWITHFomED—cxTAmELWEBS

m RichardA. PrideandMelvinS.Anderson

Experimentalresultsarepresentedforthepure-bendingstrengthof
53multiwebbesmsofVWiOUS propotiions.Thebeamswerefabricatedfrom
75S-T6shmrinum-alloysheetmaterialsndhadchannel-typewebswhichhad
beencoldformedwithbendradiioffourthes thewebthichess.IcIcal
andwrinklingmodesofbucklingwereobsenedpriortofailure.All
failuresoccurredwiththeformationofa troughinthecompressionskin
extendingacrossthewebattachentflanges.Thestresslevelsachieved
atbucklingandfail.urearediscussedintermsofexistingtheory.Based
uponthefailurestresses,designchsrtsarepresentedwhichpermitrapid
selectionofthemostefficientproportionsforgivenvsluesofan appro-
priatestructuralindex.

INTRODUCTION

A currentinvestigationby theUngleyStructuresResearchDivision
isconcernedwithobtainingexperimentaldataonthestrengthchsxacter-
isticsofthinwingswiththickcoverskinsundervariousloadings.One
phaseoftheinvestigationisdevotedtothestudyofmultiwebconstruc-
tioninwhichthecovqrskinsarestabilizedby eqpallyspacedfuJl-
depthspanwisewebs.

Mul.tiweb-beamspecimensrepresentingstructuralsectionsof small
absolutedepth,suchassreusedin stabilizersandthin-wingsections,
havebeentestedundera purebendingmoment.Thesespecimeuwerefab-
ricatedfrom75S-T6sluminum-alloysheetandtestedto evaluatethe
structuralbehaviorandefficiencyobtainableinmultiwebconstruction
usingchannel-typewebsformedfromsheetmaterial.

Thispaperpresentstheexperimentalresultsfor53lxmmsofvarious
proportions● W effectsofvaryingthedepth,spacing,andthiclmessof

—.—— .———— .—
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thewebsonthemodeofbuckling
Chsrtsarealsopresentedwhich,
the designof
tomeetgiven

themostefficient
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andthe fdlinn strengtharedescribed.
withintherangeofthesetests,permit

designrequirements.
multiwebbeamwithformed-channel-

SYMemrS

Syaibolsfordimensio?Lsoftestspecimenslistedbelowarealso
showninfigure1.
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averagecross-sectionslareaperchordwiseinch,consistingof
areaofcompressionskinoveronecellplusone-W thearea
ofoneweb,W dividedby thecellwidth,sqin./in.

webspadm.g,thedistancefroma pointhalfwaybetweenonerivet
lineandwebmidplaneto thecorrespondingpointhalfwaybetween
nextrivetUne sndwebmidplane,in.

webdepthmeasuredbetweencenterlinesofattachmentflanges,in.

beamwidth,in.

rivetdismeter,in.

Ustsncefromrivetlinetobackofweb,in.

widthofattachmentflange,in.

center-lhedepthofbean,outsidedepthminusthicknessofone
skin,in.

momentofinertiaofbeamcrosssection,in.4

lengthofbeammeasuredinsideofendfixtures,in.(seefig.2)

bendingmomentat

bendingmomentat

bendingmomentat
in-kips/in.

rivetpitch,in.

buckling,in-kips

failure,in-kips

failureperchordtiseinchofmultiwebbeem,

radiusofbendbetweenwebandattachmentflange,in.
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ts skinthickness,in.

t~ webthiclmess,

acr averagestress

q averagestress

in.

in coversldnatbuckling,

in coverskinatfailure,

SPECIMENS

A multiwebcrosssectionrepresentative

3

of49ofthe53testedbesms
is showninfigure1. Eachofthse besmshada constantdepthandcon-
sistedofthreecells(fouxwebs). Theremaidngfourbeams(speci-
mens36, 37, 38, w 39 b table I(b) ) had1) 3) 52~d 7 ce~sj IY=’wc-
tively,withtheflangesofillthewebsturnedinthesamedirection.
Allbeamswerefabricatedfromnonclad75S-!!26aluminum-alloysheetwith
compressiveyie~ stressesvaryingfrom69.5ksi to 75.3ksiwithsm
average@eI-dstressof 72.2ksi. NumerousblividualmeaSurements of
beamdimensionsweretakenoneachbeambeforetesting,andaveragesof
thesedimensionssxegivenintable1.

Three-cellbes@ wereassmedto givea goodindicationofmultiweb
behavior.Thevalidityofthisassumptimwasborneoutby testson
besmswithdifferentnmnbersof cells,theresultsofwhicharepresented
infigure3. Theuseofmorethanthreecellsproducesinsignificant
changesinthebucklingandfailingstressesofthebeams.

Thelengthofthetestsectionwasdesignedtobe fivetimeseither
thewebspacingorthewebdepth,whicheverdimensionwaslarger,inorder
to sll.1.owthefreeformationof a buckleps$term.At eachendofthe
besmbeyond’thetestsection,threeangle-sectionuprightstiffeners
wererivetedto eachwebto stiffenthebeamnearthepointsofap@.ica-
tionofthebendingmoment.LengthEgivenintableI weremeasured
betweentb insideedgesoftheendfixtures(seefig.2).

Thewidthofthespecimenwas ns plustheadditionalwidthfor
twoattachmentflanges.Webspacingbs wasdefinedasthetistance
frcma pointhalfwaybetweenonerivetlineandwebmidplaneto thecor-
respondingpointhalfwaybetweenthenetirivetlinesndwebmidplane
(seefig.1). Thismethodofdefiningwebspacingenablesa goodcorre-
lationtobemadebetweenthelocslbucklsgstresscalculatedby the
methodofreference1 andtheexperimentalbucklingstressforthose
besmsthatdevelopedlocalbuckling.

————._ _______ -—.—_ ._ .—_____— .._ . . . ___
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Channel-~ websformedfromflatsheet,
thisinvestigation,requirea bendbetweenthe
flanges.A preliminarycheckontheeffectof
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.
whichisthetypeusedin
webandtheattachment
vsryingthebendradius,

whichinturnchangestheeccentricityoftberivetline,indicated
significantchangesinthebesmfailingstrength(ref.2). Chsmgingthe
bendradiusfrom ktw to 6tw reducedthefailingstrengthby 15per-
centforthebeamstested.Becauseoftheappreciabledetrimerital.effect
oflargerbendradiion strengthandbecausethe75S-T6aluminm-alloy
webscouldbe consistentlycoldformedto a bendradiusof 4tw without
cracking,thebesmsofthisinvestigationwerefabricatedwitha bend
radiusof ktw.

Coverskinsandwebswerejoinedby stronglyrivetedconnections
throughthewebatiaclmentflanges.Thedismeterandpitchofthe
A1.7S-T4aluminum-alloyflat-headrivetsusedaregivenintableI and
wereselectedonthefollowingbasisforstrongriveting:

dR .

%

Equations(1)aud(2)arebasedon

tcJ+tw (1)

‘% (2)

pastexperiencewithstiffenedpanels
andindicatetherivetdiameterandpitchwhichwilldevelopthepoten-
tialstrengthofthestructuxe(ref.3). Additionaltestsofa fewbesm
crosssectionshaveindicatedsi@ficanteffectsduetovariationsin
theriveting.Increasingtherivetpitchproduceda decreaseinfailing
strength.keepinga rivetpitchof 3 dismeters,holdinntherivetline
as closeto thebendradiusasproductionwouldpermit,andmakingsmall
changesh rivetdiameterproducedno significanteffectuponthefailing

strengthofthebeams.Rivetlineswerelocatedla rivetdismetersfrom

theedgeofthewebattachmentflsmges.Attachment-flangewidthwas
designedby thefollowingformula:

F2=tw+rw+ $ + 2.5dR (3)

Useofthisformula
asthecornerradii
infabrication.

keepstherivetingas closetotheplaneofthewebs
permit,witha l/32-inchtoleranceforvariations

Beamswerefabricatedwiththreenominalratiosofwebthiclmessto

(skinthicknesstwps = 0.27, 0.41, - 0.63). Foreachthicknessratio,
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threeratiosofwebspacingto skinthickness(bS/ts= 25,30,andkO)
andfiveratiosofwebdepthtowebthiclmess(~tW= 30, k-o,60, 80, “
and120)weredesigned.k addition,for tW/tS= 0.41,beamsof
bslts= 60 weredesignedineachofthefivedepths.

INSTRUMENTATIONANDTESTTECHNIQUES

Strainsweremeasuredatvariouslocationsonthespecimensbymeans
ofBsldwinSR-4wireresistancestrsdngages.Continuousrecordsof
strainagainstappliedbendingmomentwereobtaineduptofdlure.

Longitudinalstrainsmeasuredonthetensionaudcompressionskins
indicatedtheoverallbesmresponseto theap@iedbendingmomentprior
tobucklingandwereusedto detectbucl&bgonthecompressionskin.
Onmostofthespecimens,compression-skingageswereplacedbackto
backinorderthata strainreversalwodd be detectedregsmllessofthe
sideofthesheetonwhichstrainreversaloccurred.Forthefewbeams
wherewebbucklingwasexpectedpriorto skinbuckling,gageswere
mountedbacktobackonthewebs.

Moment-strainrecordstypicalofthetitiwebbesmstestedare
reproducedinfigure4. The‘bucklingmomentwasdefinedasthemoment
atwhichtherewasa verticsltangenttothemoment-straincurve(marked
as l& infig.4(a)).Whena numberofgsgesshowedreversal,con-
siderationwasgivento thelocationofthegageswithrespecttothe
bucklepattern.Onlythemomentsindicatedby thosegagesclbaestto
thebucklecrests(ortroughs)wereaveragedfora determinationof
bucklingmoment.Thedifferenceh initialslopeofthemoment-strain
curvesforback-to-backgs,gesonthecompressionskin(fig.k(a))isdue
tothedifferenceintheirrespectitidistancesfromtheneutralaxisof
thebeam.

Fora fewofthebeams,strainreversalwasnotindicatedeither
becauseback-to-backgageswere&lIllocatedneartr-verse nodesof
buckles,orbecausegsgeswerelocatedonlyononesideofthecompres-
sionskinanddidnotshowa reversal.hboth oftheseinstances(as
intheright-handcurveoffig.k(a)),bucklingwasdefinedasthepoint
atwhichthestraindeviatedsharplyfromitslinearrelationshipwith
momentsincethispointis closetothestrain-reversalmment forback-
to-backgsges.Whereno definitebreakinthecurveoccurred,buckling
isgivenintableI by a bracketingrage of stressvalues.

b ordertomeasurethecrushingforcespresentinthebeamwebs,
straingsgeswereplacedontheneutralaxisof oneexteriorandone
interiorwebofeachbeamandinthedirectionofthecrushingstrain.

—.———..-— — -—. —- —.———..— — .—. ..— —— -————. —
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Back-to-backgageswereusedsothatthecrushingstraincouldbe sepa-
ratedfromtransversebendingstrains(fig.4(b))whichresultfrom
eccentricslllyappliedcrushingforces.Thegageswerecenteredonthe
neutralsxistominimizethecomponentsoflongitudinalstraindueto
bendingofthewebin itsplsne.

TESTINGPROCEDURE

Beforetestingbegan,theendsofthemultiwebspecimenswerebolted
toheavyendplates.Thisassaiblywasthen@aced inthecombinedload
testingmachineoftheLangleystructuresresearchlaboratory,W the
endplateswereboltedto theT-slottedheadsofthemachine(seefig.2).

Duringa test,pure-bendingloadwasappliedcontinuouslyata rate
whichproducedsn increaseincompressionstressintheskinoffrom1 to
5 ksi~r minute.Allothercomponentsofloadwerekeptat zeroduring
a test.Failingmmentgweretakenasthemaximummomentwhichthe
specimens~orted sndweremeasuredwithanaccuracyof11 percent.

RESULTSANDDISCUSSION

Buckling.-Twodistinct modesofbucklinnoccurredinthe53mul,ti-
wehbeams,andthestressesassociatedwiththesemodesaregivenin
table1. Jh15 ofthebesms,thejointsbetweenthewebssadtheskins
behavedasun@eldingsupportshavingrotationalrestraint,andlocal
bucklingoftheplateelementsoccurredwithlongitudinalnodesalong
theskin-webjoints.Thismodeofbucklingcorrespondsto thetheoryof
reference1. FiveofthebesmswhichdevelopedlocalbucKLinghada
thiclmessratioof0.63snd bslts= 40. Theremaidng10beamshada
thicknessratioof0.41and bsjts= 40and60.

h 38ofthe53beams,a modeofbucklingoccurredinwhichonly
transverseridesappearedonthecompressionskinata spacingwhich
variedfrom0.8to 1.2thnesthewebspacing.Thisbucklingisdenoted
aswrinl&Lng.Thewrbklhg modehasbeenobservedpreviouslyin sand-
wichconstructionwherethefaceplatesdevelopshort-wave-lengthtrans-
versewrinkleswhenthestiffnessofthecorematerialinthethickuess
directionis low. Wrinkkinginmul.tiwebconstructionis similarlyasso-
ciatedwithdepthwiseflexibil.i@ofthesupportingwebs. Reference4
bringsouttheimportanceofsneffectiverivetoffsetdistanceinevalu-
atingthisflexibilityandpresentsa simplemethcdforcalculating
wrinUingstressesinmultiwebbesms.

.
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Thecorrelationbetweencalculatedandexperimentalbuddingstresses
iS showninfi~ 5. Reasonableagreementisobtainedforthebesmsof
thistestprogrsmiftheeffectiverivetoffsetistakenasthedistance
betweenthewebmidplaneandthenearedgeoftheshanksoftherivets.
Thetheoryofreference1 isusedforthosebesmswhichbuckledlocally,
andthetheoryofreference4 isusedforwrinKMng.Forthebesmswith
thedeepestwebs (~ltW = 120),bucklingwasimitiatedby thewebssnd
wasadequatelypredictedby thetheoriesofreferences1 snd4.

Crushingeffects.- Webcrushingstressesmeasuredinthemultiweb
besmspriortobucklingwereeuaU bothinabsolutemagnitudeandin
relationtotheircritical.values.~teriorwebsdevelopedabcn.rbtwice
asmuchstressasexteriorwebs. Themoment-strainrecordforan inter-
iorwebof oneofthebesmsdevelopingthemostcrushingstressisshmn
infigure4(b).Theagreementshownbetweenexperimentalwebcrushing
strainandcalculatedstrainistypicalformostofthespecimensti

Cross-sectionaldistortions.- Dial-gagemeasurementtsmadeonthe
. centercrosssectionof a typicalbesmasitwasloadedto failureindi-

catedtheabsenceofanyapp=ciableoverall.cross-sectional-shapechsnge
priortobuckling.Subsequntcheckson otherbeamsby visualobsena-
tionwitha straightedgelaidacrossthecompressionskinslsoindicated
anabsenceof overallshapechange~ A slightdishingofbothtensionand
compressionskinsbetweenwebswasevidentinthebesmswithlsrgevslues
of bS/tSjaswouldbe expecteddueto theactionofthecrushingforces.

Failingstress.-Regardlessofwhetherlocalbucklingor skinwrin-
U occurred,allthespechnensfailedwiththeformationof a short-
wave-lengthtroughwhichextendedcompletelyacrossthecompressioncover
ofthebeam. Thismodeoffsllurewasassociatedwitha localcoXLapse
ofthewebintheregionofthebendradius.No rivetfailuresoccurred.
Becauseofthelocalizednatureofthefailure,theadditionofupright
stiffenersto thewebsofthesebesmswouldappeartohavehadlittle
effectonthebesmstrengthunlesstheuprightspacingswereverysmkll.

The38besmswhichdevelopedwrj~n intheskinfailedat stresses
lessthsn125percentoftheskinwrimdd.ingstress.Thus,formultiweb
besmsoftheseproportionswhichdevelopsldnwrinkling,designingonthe
basisofa failureloadequalto 1~ percentoftheldmitloadwillresult
ina wingstructurewhichhasbuckle-freeskinunderalldesiguflight
conditions. The15besnwwhichdevelo~dlocalskinbucklinghadhrger
clifferencesbetweenbucklingandfailure,withtheclifferencedepending
onthebucklingstresslevel.

Priortobuckling,beambehaviorasevidencedby strain-gagereadings
wasingoodagreementwithelementarybeamtheory.Becausethewrinkllnn
modeofbucklingdoesnotproduceanyappreciableredistributionof stress

..— .——. .. . . -_— —— .——— — -. ...—. ——. ...— —..—
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atmy onecrosssection,thefailingstressesforbesmswhichdeveloped
wrinklingwereevaluatedby

Bssmswhichbuckle10CSJJY,however,undergoa considerablere~stribu-
tionof stressintheS- beforefailure,whichbuildsup thestressin
theregionsof sldnadjacenttothewebs. Becausetherewasonemore
webthantherewerecells,thetotalmomentforbeamswhichbuckled
locallywasreducedby theamountcarriedby onewebandbeamoverhang
afterthestressbuildup,andthemomentofinertiawascorrespondingly
reduced.Themomentcarried%y onewebwascomputedfromstrainsmeas-
uredby longstraingages(BaldwinSR-4typeA-9)placedontheskinover
thewebs.

~ aversgestressintheskinatfail.urefor75S-T6aluminum-alloy
multiwebbeamswithformed-channelwebswitha bendradiusof 4t~ is
shownin figures6 to 8 andislistedintableI forthespecimenstested.
T& symbolsareexperimentalvalues,adjustedforthebeamsthatdeveloped
localbucKLing-,andthecurves(basedon severaltypesof crossplots)
arefairedto givethebestfitto theexperimental.data.

Failinnstress5f isplottedsgainsttheratioofbesmthickness
to skinthicknessh/tS,sticethese*nsions m US- fi~d by ifi-
tisldesignconsiderations.Resultsforratiosofwebthiclmessto skin
thicklesstw/-tSof o.~, 0.41,and0.63areshowninfigures6, 7,smd
8, respective-.!l!hecurvesindicatethat,foranygivenwebspacingbs,
thefailingstressisreducedslLghtlyasthebeamdepthincreases.This
stressdecreaseresultsfroma reflectional-stiffnessdecreaseinthe
formed-channelwebsasthedepthincreases.~gher failingstresses
resultfromcloserwebspacingandincreasedwebthickness.Withrespect
tothegenetistresslevelachievedatfailure,itwasnotedthat,for
mmy ofthebesmswhichdevelopedSkiIl~, the fsdlingstresses
werelessths.nthebucklingstressespredictedby references1 and5 for
integralstructuresofthessmedimensions.

Wsign charts.- Fromaerodynamicconsiderations,a generalairfoil
shapeisusuallyspecifiedsothatthestructuraldesignhasgivenvalues
ofappliedbendingmment perchordwiseinch Mi andbeamdepthh,where
h isthedistancebetweencenterlinesofthetensionandcompression
skins.& addition,a mimhumskintbiclmessts maybe specifiedfor
torsionalstiffness.Designchartsincorporatingthesequantitiesare
presentedh figures9 to H.forES-T6 slhmdnum-alloytitiwebbeams
withchannel-typewebsformedwitha bendradiusof 4t~. Figures9,10,
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and11areforratiosofwebthicknessto skinthicbess tw/%

I0.41,and0.63,respectively,andpresent~ h2 as a function

9

Of 0.27,

/of h ts

forvaluesof bS/tS of 25,30,~d 40= TJEdesi= CWVeS sho~ were
calculatedfromtheexperimentalcurvesofaversgeskinstressatfail-
ure (figs.6 to 8).

Whenfigures9, 10, andU. are enteredwitha fixedvalueof ~h2,
V=iOUS combinationsof bslts,tw/tS,and h/tS canbe obtaiqedfor a
varietyofcellproportions,anyofwhichwillcarrythedesignloadat
thedesigndepth.Themostefficientofthesecombinationswillbe the
onewiththesmallestcross-sectional area. The cross-sectionalsreaof
thebeamsinthisinvestigationisexpressedasa nondhensionalratio
~/t~ where

For twits= O=*7,

.
Ai~=

()
l+= ‘+6.47

bS/tS ~

(5)

(6)

for tl~lts= 0.41,

(7)
q= 1+!L2Q5
t~ ()~+ 7.75

%/% %

w for twits= 0.63,

~= [1+- &+9.76 \ (8)
‘s

Theuseofthedesign
theillustrativeexsmples.

bs~ts\ts J

charts~a equations(5)to (8) is shownin

.
Efficiencycharb.- Whena particularstructuralconfigurationis

proposedto satisfyaerodynamic,structural,andproductionrequirements,
w itfrequentlyisusefultoknowhowthecompromisedesigncompareswith

-..—— .—-—— —.._—— —- — ———- —.
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themostefficientdesignthatwouldhe obtainablewithoutsatisfying
.aX1.therequirements.Onetypeofbesmefficiencychsrtisshownin
figures12 snd13. Theaveragestresslevelinthecompressionhalfof
a besm ~/~h isgivenintermsofa structuralloadingindexM~h2.
Themostefficientbesmfora givendepthandmomentwillbe theone
developingthehighestaveragestress.

Foreachvslueof ~/tS, themostefficienttestspecimenswere
thosehavinga vslueof bs ts . 25. Figure1.2showstheeffectonthe

/
efficiencyofa vsriationintheratiobS/tS for twits= 0.63 andis
typicaloftheotherthiclmessratios.Figure13presentstheefficiency
curvesforeachofthethichessratiosata valueof bS/tS= 25,and,
as canbe seen,thethicknessratiotw/ts= 0.63 isthemostefficient
overtherangeoftheexperimentalpro~am. Sincevaluesof bslts. 25
~d t~r/tS= 0.63 alsocorrespondto libnitingvaluesoftheseparameters
intheexperimentalprogram,it isnotobviousthattheyarethemost
efficientthatcouldbe obtainedwiththeformed-channeltypeofcon-
struction. However,extrapolationofthefailingstressesasfunctions
oftheratiostW/tS and bS/tS aswellasa studyofpredictions
basedonthetheoryofreference4 indicatesthatcloseto peakefficiency
isobtajnedatvaluesof ~/tS = 0.63 and bS/tS= 25.

Theseefficiencycurvesshowthat,fortitiwebbesmswithfo?med-
chsnnelwebs,themostefficientproportionsdonotcorrespondto those
foundinreferences1 and5. h references1 and5,localbucklingand
a modeoffailuxeassociatedwithlocalbucklingwereassmedto occur,
whereasthebeamsofthepresentinvestigationfailedina modeasso-
ciatedwithwrinkling.

JMficiencychartssuchasfiguresuand 13are usefulnotonlyfor
comparingvariousmultiwebdesignsbutslsoforcomparingothertypes
of skinstabilizationsuchas stiffened-panelormultipoststiffened
construction.Suchcomparisonsshouldserveasa guideindetermining
thelimitsofefficientwingconstructionforeachtypeof internalstrUc-
ture. Designofmultiwebbeamsonanefficiencybasisis illustratedin
thefollowingsection.

Byuseofthedesigncharts(figs.9 to 11)twoexamplessm worked;
eachgivesthemostefficientdesignforthestipulatedconditionsofthe
problem. .
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Exsmplel.-lhomaerodynamicconsiderations,Mi isrequired

U.

to be at least 37.5in-kipslin.,S@ an averagebesmdepthoverthe
structuralportion”is5 &c&s.”
tS = 0.188inch isrequiredto
Mi/h2= 1.50ksi, h/ts = 26.6,
the most efficientstructure.

b addition,a minimumskinthiclmess
providetorsionalstiffness.Thus
smd bs and tw canbe variedto give

Enteringthedesigncharts(figs.9 to U.)withthesevaluesand
usingequations(6) to (8) yields thefollo~ values:

twps II bS ‘tS 4/% I %

0.27 25 1.179 0.222

.41 31 1.227 .231

.63 40 1.286 .242

Thestructurehavingthesmallestvalueof ~ willbe thelightestand,
therefore,themostefficient.Thus,forthestipulatedconditions
Milh2= 1.50,h = 9 inches,snd ts >0.188inch,themostefficient
structureis

Ai = 0.222inch

bs = 4.70iIICheS

‘s = 0.188inch

tw = o.o~ltich

~ theskinthicknessisnotrestricted,a moreefficientdesign
thsntheoneabovecouldbe obtsined.As shownh figure13, the most

Iefficientdesignat Mi h2 = 1.50 iS tw/ts= 0.63 and bslts= 25,
forwhich ts = O.lZLinch and Ai = 0.198inch.

Exsmple2.-Redesignthebeaminexsmple1 withthefurtherrequire-
mentthatthewebspacingsmustbe atleast6.5inches.

Havinga mi.nmwnwebspacingspecifiedaswellasa minimumskin
thichessleadsto sm initislrequirementof bsItsz ~. 6. Sinceonly
oneofthethreedesi~sinthefirstexsmpl.esatisfiesthisrequiranent

—. .—. . .... . . ..—. —— —————-— .— —-— — —--—
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(1tw ts = 0.63,
designshaving
standardgage
bS/tS~ 26.0.

b~ts
values

= 40),a heavier
Of -tW)ts= 0.27

NACATN 3082

skinwillbe requiredfortrial
and0.41.Usingthenextheavier

ts= 0.250inch lHj@HS VdJ.ES of h/tS= 20.0 and

In a mannersimilartothatinthefirstexsmple,thefollowing
valws = obtainedfor ts = 0.250inch:

—

Ws %/% 4/% 4
0.27 35 1.102 0.276

.41 40 1.142 .286
L

It canbe seenthattheuseofheavierskinreducesthe
thisexsmple.Ihthefirstexample,asthiclmessratio

—

efficiencyin
wasdecreased, .

efficiencyincreased.A plotofvaluesof bS/tS agslnsttW/tS shows
that tW/tSmaybe aslowasO.~0when bslts. 34.6.Usinga stan~
sheetgageof tw . 0.102inch givesvaluesof t@s = 0.54 and

%/% = 36.0. ltmmequation(5), Ai canbe
Thus,themostefficientstructurefor Mi/h2
ts >0.188inch,and bs >6.5 inch is

~ .0.238tich
bs = 6.76iIICIES

ts = 0.188inoh
tw = 0.102inch

comp&edtobe 0.238tich.
= 1.50ksi, h = 5.0inch,

whichisa heavierstructurethanthath example1 becauseoftheadded
restrictiononwebspacing.

SUMMARYOFRESUEJJS

Experimentalresultshavebeenpresentedforthepure-bending
strengthof 75S-T6slumdmm-alloymultiwebbesmsfabricatedwithchannel-
typewebsformedwitha bendradiusoffourtimesthewebthickness.The
followingobservationsweremadeofthetests:
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1.Localbucklingoftheplateelementsandwrinklingoftheentire
compressionskinwerethetwomalesofbucklingthatoccurred,andthe
agre=nt withbucklingtheorywassatisfactory.

2.Allbeamsfailedwiththeformationofa troughinthecompres-
sionskinacrossthewebattachmentflanges.Forthetypeoffailure
experienced,no gainin strengthwouldbe expectedby theadditioriof
uprightstiffenersto thewebsunlesstheuprightspacingswerevery
small.

3. Dueto theadequacyofthestronglyriveted connections,no
rivetfailureswereexperienced.hcreasingrivetpitchproduced
decreasingfailingstrength,butsmallchaugesinrivetdiameterproduced
no significantchangeinbeamfailingstrength.

4.Three-celJ-besmsgavea goodindicationofmultiwebbehavior.
Theuseofmorethanthreecellsproducedinsignificantchangesinthe
buckllngandfailingstressesofthebeams.

5. Measuredcruslxlngforcesinthewebspriortobucklingwerein
goodagreementwiththeoryandalwaysweresmall.

6. ~ averageskinstressatfailurecangeneraUybe increased
by anyofthefollowing:decreasingwebdepth,decreasingwebspacing,
andincreasingwebthickness.

Designchartspresentedmakepossiblerapidselectionofefficient
designs.Anefficiencystudyindicatedthat,forthetypeofbeamtested,
closetopeakefficiencywasobtainedwithvaluesoftheratiosofweb
thicknessto SkiIl thickness tq/tS = 0.63 andweb Spacti tO SW

thicmSS bJts = 25.

LangleyAeronauticalLaboratory,
NationslAdvisomComitteeforAeronautics,

~Y Field,Va.,January20,1954.
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F2 E 0.91 inch; q#W = 4; dR = 1/4tih; ~ = 3/4Inch]

tg? %p

In. in.

).1901.52
.1842.04
.1823.06
.1% 4.U
.16 6.14

.1%11.54

.1852.08

.1843.07

.1926,14

.1921.$
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4.6a0.5
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4.71 .9
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5.65 .54
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5.64 .54
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7.5a .52
7.W .54
7.48 .54
7.53----
7.93----

15.351.7628.6 4.7’50.2’7024.6
15.4432.2828,6 7.&l .27925.4
15.403.30 28.516.21 .28125.8
15,404.3528.530.16 .2’7’723.3

15.406.3735.365.81 .27625.2

18.201.7833.1 5.75 .27429.7
L8.222.3133.1 9,62 .2e0 m.>
18.233.p 33.019.55 .28130.7

18.216.3$35.3 -(-(.77.26529.4

23.831.FKI42.8 7.65 .26439.1
23.812.3242.8L2.60 .26939.7
23.843.3342.826.35 .26939.6
23.824.3442.8ti.87 .26839.8
23.806.3942.898.% .27139.7

h/t~~Qfp~ ::’ :;

9.3 =5 38.339.8
32.4 266 37.238.9
18.1 420 42.842.8
23.4 519 37.037.4

34.2 6x) JJ”: 31,5

9.4 217 321233.6
12.5 276 30.433.1
17.9 388 31.432.7

33.2 T-5 ~;~ :~3.3

J_LL
9.4 21.o 23.324.7
12.3 m 22.325.6
;;:; ~ 21..524.?

2J-.824.1
a-8 24.153.8 745 a .5

.

aAver&sestressin cover skin when webs buckled.
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(C) tw/ts=o.63

[
F2 = 0.60inch; +tw = 4; d~ = 1/8inch; ~ = 3/8 tiCk_j

tt

ts, %) bg,
in. in, in.

).08251.551.95
.08232.072.02
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23.776.2

38.9.X).2
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40.177.5

in-kips hi kai

59.0 46.351.1
77.9 49.650.4
Q1.o 48.649.3
M1.o 46.447.9
=8.5 $.: 42.8
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61.2 39:845.8
76.2 33.543.7
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2Lloo ,:”; 35.1

59.0 27:235.4
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